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I.     INTRODUCTION. 

During  the  last  few  yetirs  a  number  of  inve.'«tiKator8  have  made  a 
Btudy  of  the  penetratinR  radiation  which  in  known  to  be  present  at  the 
surface  of  the  earth  with  a  view  to  hjcuting  itM  Hource  or  origin.  The 
prcHonoe  of  radioactive  substances  in  t'lo  soil  anci  of  radioactive  emana- 
tions in  the  atmosphere  suggest  both  the  earth  and  the  atmosphere  as 
sources  for  part  at  leaut  of  this  radiation.  It  is  possible,  too,  for  such 
a  penetrating  radiation  as  that  pre-sent  at  the  earth  to  have  its  origin 
in  the  aim  or  other  celestial  bodies. 

It  is  known,  besides,  that  the  amount  of  radioactive  emanation 
present  in  the  atmosphere  at  any  time  is  largely  dependent  upon  the 
barometric  changes  which  have  taken  place  for  a  short  time  previously, 
and  upon  the  precipitat'on  which  has  occurred  in  the  locality  concerned. 
If  then  the  penetrating  radiation  comes  largely  from  the  atmosphere  it 
would  follow  from  the  above  considerations  that  frequent  tho:gh 
perhaps  irregular  changes  should  occur  in  the  intensity  of  the  radiatioa 
at  any  particular  locality. 

If  the  sun.  however,  contributed  the  nrojor  portion  of  the  pene- 
trating radiation  we  should  then  expect  to  find  regular  daily  variations 
in  its  intensity.  On  the  other  hand,  if  the  greater  part  of  the  pene- 
trating radiation  has  its  origin  in  radioactive  substances  in  the  soil  and 
rocks,  we  should  expect  to  find  but  little,  if  any,  variation  in  its  inten- 
sity throughout  the  day  or  even  from  day  to  day  in  any  particular 
region. 

One  of  the  first  to  note  a  diurnal  change  in  the  ionisation  of  air 
contained  in  closed  metallic  cylinders  was  J.  J.  Borgmann.'  His 
experiments  were  carried  out  in  the  neighbourhood  of  St.  Petersburg. 
Among  other  results  he  found  that  the  ionisation  of  the  air  in  cylinders 
of  copper,  aluminium,  brass,  iron,  zinc,  tin,  or  lead,  increased  for  some 
days  after  being  enclosed,  and  finally  reached  a  limit.  This  limit  he 
fovnd  to  vary  from  day  to  day  and  even  during  a  single  day.  The 
minimum  of  ionisation  noted  by  him  was  most  frequently  observed 
about  three  o'clock  p.m. 

>  Science  AbBtracts,  1905,  No.  1580. 
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Mach  and  Riinrner'  while  investigatinfr  the  emanation  content 
of  the  atmosphere  at  Vienna  also  nuule  so.  measurements  on  the 
ionisation  of  air  confined  in  closed  letallic  vessels,  and  from  their 
measurements  they  were  led  tj  conclude  that  the  penetrating  radia- 
tion was  more  intense  in  the  mornings  and  in  the  evenings  than  at 
noonday. 

Amongst  others  Wood  and  Campbell,'  at  Cambridge,  England, 
made  an  extensive  examination  of  the  penetrating  radiation  for  a  daily 
variation.  In  their  experiments  they  made  measurements  on  the 
ionisation  in  different  gases  contained  in  closed  metallic  vessels  of  GOOD 
CO.  capacity,  and  they  used  a  sensitive  quadrant  electrometer  as  the 
measuring  instrument. 

From  their  experiments  they  showed  that  a  periodic  variation 
occurred  in  the  ionisation  of'the  enclosed  gases  having  two  maxima 
and  two  minima  each  twenty-four  hours.  They  also  shewed  that  the 
periodic  variation  was  independent  of  the  nature  of  the  enclosed  gas, 
and  that  the  periodicity  was  independent  of  the  metal  of  which  the 
enclosing  receiver  was  made.  Their  ionisation  curves  representing 
these  periodic  changes  were  found,  too,  to  be  approximatelv  the  same 
as  the  curves  representing  the  variations  of  atmospheric  pouvjutial.  As 
to  the  magnitude  of  the  changes  noted,  these  experimenters  found  on 
the  average  that  the  variations  in  the  ionisation  which  took  place  in 
any  one  day  amounted  to  about  12%  of  the  whole. 

McKeon.'g of  Washington,  U.  S.  A.,  made  an  attempt  to  study 
the  radiation  by  examining  the  variations  in  the  potential  assumed 
by  an  insulated  metal  cylinder  placed  within  and  completely  sur- 
rounded by  a  secontl  metallic  cylinder,  120  cms.  long  and  20  cms  in 
diameter.  In  his  observations  he  noted  a  double  daily  variation  in  the 
potential  of  the  insulated  cylinder.  The  effect  measured  in  his 
experiments,  however,  does  not  appear  to  be  exclusively  dependent 
upon  the  intensity  of  the  penetrating  radiation. 

Strong,*  of  Baltimore,  also  made  a  study  of  this  penetrating 
radiation  using  a  small  enclosed  gold-leaf  electroscope  as  the  measuring 
instrument.  In  his  experiments  he  observed  the  loss  of  charge  from 
this  in.strument  in  a  variety  of  places  including  (1)  a  room  in  the 
Physical  Laboratory  at  Johns  Hopkins  University,  (2)  a  cistern 
filled  with  rain  water,  the  electroscope  being  placed  at  the  centre, 
and  (3)  a  room  in  the  open  country  in  the  State  of  Pennsylvania  near 
Mechanicsburg 


'  Phy.s.  Zcit.  7,  pp.  <il7,  Sept.  1").  190(1. 

■■'  riiil.  Mag.,  Fib.  1<,H)7. 

'  Phys.  Rev.,  1!K)7. 

«  Phys.  Rev.,  July,  190S. 
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Strong  from  his  measurements  drew  the  conclusion  that  the 
atmosphere  contributed  by  far  the  major  portion  of  the  penetrating 
radiation.  He  found  the  intensity  of  the  radiation  greater  in  summer 
than  in  winter,  and  he  too  noted  a  double  diurnal  period  in  the  ionisa- 
tion  in  his  electroscope.  Precipitation  of  rain  or  snow  always  produced 
a  drop  in  the  intensity  of  the  radiation.  But  all  changes  in  intensity 
were  eliminated  when  he  surrounded  his  electroscope  with  thick  lead 
and  iron  screens.  Strong's  measurements  are  rather  remarkable  for 
the  extremely  wide  variations  which  they  indicated  and  it  is  difRcult 
to  account  for  them.  On  Jan.  30,  1907,  for  example,  he  observed 
ionisations  at  various  times  of  the  day  represented  by  12,  82,  100,  77 
on  an  arbitrary  scale,  i;nd  again  on  Sept.  3,  1909,  ionisations  were 
observed  represented  by  25,  18,  50  and  155,  150,  42,  10,  15  on  the  same 
scale.  Variations  so  extensive  a.s  these  do  not  appear  to  have  been 
observed  by  any  other  investigators  and  they  seem  to  point  to  some 
very  special  and  exceptional  local  conditions. 

Some  experiments  were  also  made  recently  on  this  phenomenon 
by  D.  Pacini  at  Sestola,  in  Italy.'  This  investigator  used  an  alumin- 
ium-leaf electroscope  and  studied  the  ionisation  in  air  enclosed  in 
large  zinc  receivers.  He  too  found  daily  maxima  and  minima  values 
in  the  ionisation.  His  minimum  observations  ranged  from  8,  9,  10  to 
12  ions  per  cc.  per  second  while  his  maximum  observations  extended 
in  some  cases  to  as  high  as  30  ions  per  cc.  per  second.  His  ionisation 
values  present  a  double  daily  period  with  two  maxima  at  two  to  three 
o'clock  and  nine  to  ten  o'clock,  and  two  minima  from  seven  to  eight 
o'clock  and  from  twelve  to  one  o'clock. 

Wulf,'  too,  who  devised  a  new  type  of  electrometer  the  movable 
system  of  which  consists  of  a  double  conducting  quartz  thread,  has 
applied  this  instrument  also  to  the  investigation  of  the  penetrating 
radiation.  His  experiments  were  carried  out  at  Valkenburg  in  Holland, 
both  on  the  surface  of  the  earth  and  in  the  chalk  quarries  in  the 
neighbourhood  of  that  municipality.  He  too  found  a  parallelism 
between  the  intensity  of  the  penetrating  radiation  and  that  of  the 
atmospheric  potential,  maximum  values  being  obtained  for  both 
phenomena  in  the  summer  about  eight,  or  nine  in  the  morning  and 
evening,  anil  minima  about  noon  and  midnight.  In  winter  the  midday 
minimum  was  only  slightly  marked. 

The  amplitude  of  the  morning  variations  was  found  to  be  about 
16%,  while  that  of  the  afternoon  ones  was  about  10%  of  the  total 
ionisation  and  the  mean  ionisation  corresponded  to  from  25  to  30  ions 
per  cc.  per  second.     The  ionisations  observed  in  the  measurements  in 

'  Rend.  Ace.  Lincei,  18,  123-129,  1909. 
«  Phys.  Zeit.  10,  1909,  152-157. 
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the  chalk  qviarrics  were  found  to  be  only  about  429c  of  those  obtained 
on  the  surface  of  the  ground. 

In  this  connection  it  will  be  recalled  that  Elster  and  Geitel'  ob- 
served a  fall  of  28' c  in  the  conductivity  of  air  enclosed  in  an  aluminium 
receiver  when  the  apparatus  was  taken  from  the  surface  down  to  the 
bottom  of  a  rock  salt  mine.  It  will  be  remembered,  too,  that  C.  S. 
Wright,  in  his  experiments  at  Toronto,  found  the  conductivity  of  air 
confined  in  dosed  metallic  ves.scls  in  experiments  on  the  ice  of  Lake 
Ontario  to  be  about  4(1' ;  less  than  in  similar  tmes  matle  on  the  lawn  in 
the  neighbourhood  of  the  Physical  Laboratory.  It  will  be  recalled 
too  that  the  ionisation  values  obtained  by  Wright  on  the  sand  bars  on 
the  Island  near  Torontt).  were  but  slightly  higher  than  those  obtained 
by  him  on  the  ice.  The  experiments  at  Toronto  coupled  with  those  at 
Valkenburg.  and  with  those  of  Elster  and  Geitel,  would  seem  to  shew 
that  the  earth  and  not  the  atmosphere  is  the  source  of  the  penetrating 
radiation,  but  that  certain  waters  and  soils  and  salt  deposits  are  com- 
paratively free  from  radioactive  substances,  and  can  therefore  act  as 
efficient  screens.  It  also  seems  evident  from  these  experiments  that 
the  penetrating  ratliation.  in  some  localities  at  least,  does  not  come 
from  a  very  great  depth  in  the  earth's  crust. 

The  experiments  made  at  Sestola.  however,  seem  to  point  to  the 
atmosphere  as  the  source  of  the  radiation. 

In  the  following  table  the  times  of  the  day  of  the  maxima  and 
minima  ionisation  periods  observed  by  the  different  investigators  cited 
are  collected.  From  this  table  it  will  be  seen  that  very  little  connec- 
tion exists  between  the  times  of  the  maxima  and  minima  obtained  in 
the  different  localities  mentit>ned.  It  seems  evident,  too,  after  sur- 
veying all  the  recorded  observations  that  the  variations  noted  must 
be  ascribed  to  changes  in  atmospheric  c(3nditions  rather  than  to  solar 
influences.  No  such  regularity  occurs  in  the  variations  as  one  should 
expect  if  the  penetrating  radiation  had  its  origin  in  the  sun. 

TABLE  I 


Observer  Pl.-ice 

Borgniann .St.  Petersburg 

Mach  it  Riinnier...        Vienna 
Wood  i\r  Campbell.  .      Cambridge 

McKeon Washington 

Strong Johns  Hopkins 

I'niversity 
Pacini 1    Sestola 

Wulf i     Valkenburg 

Holland 

'  Phys.  Zeit.  No.  1, 1905,  p.  733. 


Maxima 


Minima 


3  p.m. 

7  to  11  a.m. 
9  to  11  p.m. 
11  a.m. 

10.30  to  12  p.m 

9  a.m. 

10  p.m. 

2  to  3  a.m. 
9  to  10  a.m. 

8  to  9  a.m. 
8  to  9  p.nij_ 


Noon 
3  to  6  d.m 
12n  to  4  p.m. 
.5  to  7  a  m. 

5  to  6.30  p  m. 
7  a.m. 

6  p.m. 

7  to  8  a.m. 
12n  to  1  p.m. 
12  n. 

12  m. 
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RADIATION  AT  THE  SURFACE  OF  THE  EARTH 


In  the  course  of  his  experiments  at  Toronto,  C.  S.  Wright  on 
several  occasions  made  observations  on  the  comluctivity  of  air  en- 
closed in  metallic  receivers  over  periods  of  time  extending  in  some 
cases  up  to  six  or  seven  hours.  Two  typical  sets  of  such  observationa 
are  given  in  the  following  table  : — 

TABLE  II 


Time 

q„  =»  number  of  ions  per  c.c.  p^r  sec 
reduced  to  0=0. 

Dec.  24th 

10.23  a.m. 

22.48 

10.43      " 

22.51 

11.10      " 

22.54 

11.32      " 

22.45 

11.55      " 

21.74 

12.15  p.m. 

22  73 

12. 4(!      " 

21.96 

1.00      " 

22.94 

Dec.  2Gth 

9.35  a.m. 

' 

22.44 

9.58      " 

21.86 

10.20      " 

21.87 

10.45      " 

22.25 

11.05      " 

22.96 

11.28      " 

22.79 

11.50      " 
3.55  p.m. 

22  53 
22.65 

4.15      " 

22.54 

4.40      " 

Mean 

22.94 

22.45 

and  from  the  readings  recorded  in  this  table  it  will  be  seen  that  there 
ia  no  evidence  of  any  appreciable  regular  variation  in  conductivity, 
and  it  is  to  be  noted  also  that  the  extreme  values  obtained  for  the 
conductivity  did  not  differ  from  the  mean  by  more  than  3%  of  the 
latter. 
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It  would  seem  from  these  observations,  therefore,  that  very  little 
diurnal  variation  exists  in  the  penetrating  radiation  at  Toronto. 
Wright's  observations,  however,  were  extremely  limited  in  number  and 
it  was  decided  to  extend  them,  to  ascertain  whether  it  would  be  neces- 
sary to  modify  in  any  way  the  conclusions  which  might  be  drawn  from 
them.  The  following  paper  contains  an  account  of  these  observations 
and  it  will  be  seen  from  the  results  that  they  point  quite  definitely  to 
the  absence  of  any  regular  diurnal  variations. 


II.— APPARATUS. 

The  mca.suring  instrument  used  was  the  latest  type  of  Wilson 
gold-leaf  electroscope,  and  the  arrangement  of  apparatus  adopted  is 
shewn  in  Fig.  1.  The  case  of  the  electroscope  was  joined  to  earth  and 
the  leaf  system  to  an  electrode  which  pas.sed  up  into  the  ionising 
chamber  R.  This  chamber  was  insulated  from  the  electroscope  case, 
and  could  be  charged  as  desired  by  means  of  the  battery  B  to  any 
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selected  potential.  Attached  also  to  the  leaf  system  was  the  inner 
tube  of  the  sliding  condenser  C,  for  details  of  which  the  reader  is  re- 
ferred to  the  paper  by  C.  S.  Wright  mentioned  above.  In  the  measure- 
ments to  be  described  the  receiver  was  charged  negatively  to  about  180 
volts,  which  was  found  sufficient  to  insure  a  saturation  current.  The 
small  quartz  Leyden  jar  was  kept  at  a  negative  potential  of  approxi- 
mately 50  volts,  and  the  slide  tube  condenser  C  to  varying  negative 
voltages  depending  on  the  sensibility  desired. 

By  moving  this  condenser  any  charge  acquired  by  the  gold-leaf 
system  through  the  conductivity  of  the  air  enclosed  in  R  could  be 
annulled.  In  the  experiments  the  condenser  was  always  moved  over 
a  standard  distance  and  the  time  was  taken  for  the  conduction  current 
to  annul  the  deflection  of  the  gold-leaf  produced  by  the  displacement  of 
the  sliding  condenser. 

The  charge  annulled  per  unit  voltage  applied  to  the  compensator 
tube  was  .00501  e.s.u.,  a  number  which  was  determined  by  using  the 
auxiliary  parallel  plate  condenser  supplied  with  the  instrument. 

Assuming  the  charge  carried  by  an  ion  to  be  3.4  x  lO""*  e.s.u.,  it 
follows  when  the  volume  of  the  receiver  is  known  and  also  the  time 
required  for  the  conduction  current  to  annul  a  given  quantity  of 
electricity,  that  the  number  of  ions  per  cc.  per  second  "  q  "  in  the 
receiver  R  can  be  readily  found. 


III.— EXPERIMENTS. 
Series  I. 

In  this  series  of  experiments  the  receiver  R  was  made  of  sheet  zinc. 
The  potentials  used  were  obtained  from  a  set  of  small  dry  cells  which 
remained  constant  over  the  whole  range  of  measurements. 

The  receiver  R,  whose  capacity  was  31180  cc,  was  kept  at  a  con- 
stant potential  of  184.5  volts  throughout,  the  Leyden  Jar  Q  at  51.5 
volts  and  the  sliding  condenser  C  at  13.2  volts.  In  this  series  of 
measurements  the  receiver  was  not  hermetically  sealed,  so  that  baro- 
metric changes  were  necessarily  followed  by  changes  in  the  air  content 
of  the  receiver. 

The  readings  were  taken  visually  and  were  commenced  by  a  few 
preliminary  observations  over  periods  of  from  4  to  6  hours'  duration 
selected  from  different  parts  of  the  day.  These  were  afterwards  fol- 
lowed by  observations  taken  continuously  over  a  twenty-four  hour 
period. 

In  the  measurements  for  the  shorter  periods  the  apparatus  was 
set  up  in  a  room  in  the  Physical  Laboratory  and  rested  on  a  solid  stone 
table  which  constituted  the  sill  of  one  of  the  windows  in  the  room. 
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The  first  ol)servation.s  were  taken  durinc;  the  evening  of  Nov  25 
1908.  and  are  refonled  in  Tal.lo  III.  During  tlic  readings  the  baro- 
meter was  practicaiiy  statif.nary  and  .stoo.i  at  753  mm.  The  curve  in 
Fig.  Ill  iUu.'^trate.s  the  readings  taken.  Tiie  mean  vahie  of  the  readings 
It  will  be  .seen  was  ir).',).-)  ion.s.  In  no  ease  was  there  a  deviation  from 
the  mean  value  of  greater  than  ;{'  ; .  ami  the  ourve  show.s  no  evidence  of 
any  marked  variations  which  migiit  I)e  ascribed  to  changes  in  the 
radiations  which  contributed  to  the  conductivity  of  the  enclosed  air. 
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Similar  .sets  of  ol)scrvations  were  taken  on  the  afternoon  and 
evening  of  Nov.  27.  1008.  The.se  are  recorded  in  Tables  IV  and  V,  and 
ihustrated  by  the  curves  shewn  in  Figs.  Ill  and  IV.  Here  again  it 
will  be  seen  that  the  extreme  deviation  from  the  mean  value  did  not 
exceed  3.57c.  -^loreover,  the  variations  which  did  occur  represent 
practically  the  limits  of  accuracy  with  which  the  readings  could  be 
taken  by  the  measuring  instrument. 
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Again,  sets  of  observations  were  taken  on  the  afternoons  of 
December  3,  4  and  7.  The  results  are  recorded  in  Table  VI,  VII  and 
VIII,  and  the  corresponding  curves  are  given  in  Figs.  V,  VI,  and  VII. 
From  these  it  will  be  seen  that  in  one  case  the  deviations  from  the 
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mean  were  not  greater  than  1.5%,  while  in  the  other  two  they  did  not 
exceed  3%. 

Further,  the  curves  shown  in  Figs.  II,  III,  IV,  V,  VI  and  VII 
indicated,  it  will  be  seen,  but  little  variation  during  the  periods  of  taking 
the  readings.  The  readings  from  day  to  day,  however,  shewed  con- 
siderable variation  but  these  were  no  doubt  due  to  variations  in  the 
amount  of  radioactive  emanation  present  in  the  atmosphere.     As  the 
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receiver  was  not  hermetically  sealed,  the  free  interchange  of  air  which 
this  condition  permitted  could  easily  account  for  the  differences  noted. 
A  point  of  interest  in  connection  with  these  observations  and  one 
which  has  been  observed  by  other  investigators  was  that  the  ionisation 
was  greater  when  the  barometric  pressure  was  low  than  when  it  was 
high.     A   falling  barometer  would  promote  the  effusion  of  gases 
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occluded  in  the  soil,  and  this  process  of  effusion  would  consequently 
result  in  an  increase  in  the  amount  of  emanation  present  in  the  air  and 
so  account  for  the  higher  conductivity. 
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It  waa  also  noted  in  these  experimentH  that  the  conductivity  of 
the  air  in  the  cylinder  waa  less  for  corresponding  barometric  pressures 
when  the  ground  was  frozen  and  covered  with  snow  than  when  the 
temperature  was  above  freezing  point  and  the  ground  bare.  This  is 
shewn  in  Table  IX  which  contains  the  mean  readings  for  observations 
taken  under  similar  barometric  conditions  both  with  and  without 
snow  on  the  ground. 


TABLE  III 


Time 
Nov.  25th,  1908 


8.00  p.m. 

8.10  " 

8.20  « 

8.30  " 

8.40  « 

8.50  " 

9.00  '• 

U.IO  « 

9.40  « 

9.50  " 

10.00  « 

10.10  « 

10.20  " 

10.30  " 

10.50  " 

11.30  " 

11.. 50  " 

12.10  " 


No.  of  ions  per  c.c.  per 
sen. 


20  "C 


20.5°C 


20.2°C 


16.4 

15.9 

15.7 

15.4 

15.9 

16.2 

15.6 

15.9 

15.9 

iO.O 

15.7 

16.3 

15.7 

16.4 

16.2 

16.2 

15.9 

15.9 


Mean  15.95. 


Extreme  Devintion  3%. 
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TABLE  IV 

Time 
Nov.  27th,  1908 

Temp. 

No  of  iona  per  o.e.  per 
sec. 

2  20  p.m. 

20T 

16.2 

2.30 

M 

16.4 

2.40 

N 

15.4 

2.50 

N 

15.0 

3.00 

« 

15.2 

3.10 

m 

15.7 

3.20 

u 

16.6 

3.30 

u 

15.6 

3.40 

u 



15.2 

3.50 

u 

15.3 

4.00 

u 

15.3 

4.10 

m 

15.2 

4.20 

u 

15.1 

4.30 

. 

15.3 

4.40 

if 

15.6 

4.50 

« 

15.5 

5.00 

«t 

15  3 

5.10 

u 



15.5 

5.20 

u 

15,6 

5.30 

u 

15.5 

5.40 

u 

15.3 

5.50 

u 

15,4 

6.00 

u 

15.2 

Mean  15.37. 

E:i 

treme  Deviation  2.6%. 

u 
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TABLE  V 

Tiin*i 
Nov.  27  &  28,  1908 

Temp. 

No  of  iona  per  c.c.  per 
■ec. 

10.40 

p.m. 

16.2^. 

15  2 

10.60 

15.0 

11.00 

15. 2 

11.10 

15.7 

11.20 

1A.2 

11.30 

15.0 

11.40 

16.4 

ll.fiO 

15.0 

12.00  a-m. 

10. 1 

12.20 

« 

1ft.  1 

12.30 

« 

IS.O 

12.40 

u 

18.0 

12.50 

u 

15.3 

1.00 

m 

lft.8 

1.10 

m 

15.0 

1.20 

M 

15.0 

1.30 

m 

15.0 

1.40 

u 

15.2 

1.50 

M 

« 

15.0 

2.00 

m 

15.2 

Mean  15.15. 

Ext 

reme  Devi&tinn  3  kot. 
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TABLE  VI 


Time 
Dm.  3nl,  1008 

2.00  p.m. 

3.10 

2.20 

2.30 

2.4A 

2.U 

3.05 

3.18 

3.25 

3.40 

3.50 

4.00 

4.10 

4.20 

4.30 

4.40 

4.50 

5.00 

6.10 

5.20 

5.30 


14.6 

14.6 

14.0 

14.« 

14.« 

14.8 

13.8 

13.8 

13.8 

14.2 

14.2 

14.2 

14.5 

13.8 

14.0 

14.0 

14.3 

14.3 

13.8 

14.0 

14.3 


Mean  14.2. 


Extreme  Demtion  3%. 
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TABLE  VII 

Tiiw" 
Dm.  4tb.  1908 

Temp. 

No.  ofi«Mia|MrM.pw 

MM. 

2.10  p.m. 

18.«C. 

14.A 

2.20     " 

..»••. 

14.S 

2.80     - 

14.S 

2.40     • 

14. a 

2.ao    • 



IS.t 

300      - 

14.2 

3.16     - 

14.2 

3.30     « 

13.8 

3.  40    • 

14.2 

3.80      " 

14.3 

4.00      " 

14.8 

4.15      • 

14  2 

4.30     - 

14.0 

4.40      " 



14.2 

4.60     " 

14.0 

8.00     - 

>.  __. 

14.3 

6.10     " 



14.2 

8.20     " 

13.8 

8  30     " 

14.0 

8  45      ' 



14  2 

Mean  14.15.              Extr 

«m6  DeviatioD  20X.. 

^ 

(cum)         radia'ion  at  the  surface  of  the  earth 

tahlk  viii 
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Tim* 
Dm.  7th,  19UN 

T«np. 

No.  of  iooM  par  e  o  ^n 

■M. 

3  30 

p.m. 

14.1 

3  40 

M 

ll.S 

13.0 

13.8 

18.8 

13.8 

13.8 

13.8 

14.0 

13.8 

14.1 

14.1 

14.1 

18.8 

13.8 

14.0 

3.A0 

m 

1 

3.00 

• 

i 

3.10 

« 

3.30 

« 

8.70 

« 

3.40 

m 

8.fi0 

m 

4.00 

m 

4.30 

m 

4.30 

m 

4.40 

m 

0.00 

m 

ft.  10 

m 

5.30 

M 

MMn  13.87. 

Ejt 

treme  Deviation  l.«%. 

TABLE  IX 

No  mow 

Snow 



Q 

Barometer 

Barometer 

Q 

74.1 

'                1 

7.47 

74.73 

14.15 

76.3 

i                ' 

5.05 

74.77 

13.87 

76.0 

1 

5.37 

74.85 

13.30 

78.34 

1 

5.15 
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After  completing  the  preliminary  series  of  measurements  just 
described  it  was  decided  to  undertake  a  series  extending  over  a  twenty- 

our  hour  penod.  The  readings  were  taken  on  December  18  and  19. 
1908,  .n  the  Library  of  the  Physical  Laboratory.     This  was  a  large 

wel l-ventdated  room  facing  the  south  east,  and  in  it  the  apparatus  wL 
set  up  on  a  table  close  to  one  of  the  windows.  During  this  set  of 
observations  the  barometer  remained  fairly  steady,  the  maximum 
change  be.ng  from  746.3  to  749.5.  The  readings  for  this  set  of  obser- 
vations are  given  in  Table  X  and  a  curve  to  illustrate  them  in  Fig. 

From  an  inspection  of  these  readings  and  the  curve,  it  will  be  seen 
that  there  is  no  evidence  of  a  regular  diurnal  variation  in  the  ionisation. 
1  he  extreme  deviations  in  the  readings  from  the  mean  taken  through- 
out the  whole  period  were  not  greater  than  3%,  and  as  the  instrument 
could  not  be  used  under  the  conditions  of  the  experiment  to  give  a 
greater  accuracy  than  2  or  3%,  one  is  forced  to  conclude  from  these 
observations  that  at  Toronto  there  are  no  daily  variations  in  the 
mtensity  of  the  penetrating  radiation  greater  in  magnitude  than  such 
variations  as  came  within  the  limits  of  sensibility  of  the  measuring 
apparatus.  * 

In  the  experiments  which  have  been  described  no  special  precau- 
tions were  taken  to  have  the  cylinder  hermetically  sealed.  At  a 
number  of  joints  minute  openings  were  left  unclosed  and  so  there  must 
necessarily  have  been  a  constant  interchange  between  the  air  inside 
the  cylinder  and  that  outside.  It  is  worthy  of  note  to  observe  that 
even  with  this  interchange  only  very  small  variations  in  the  conducti- 
vity of  the  air  occurred. 


TABLE  X 

Time 

Dec.  13th 

and  14th 

1908 

Temp. 

]       Bar. 

i 
i 
1 

1      Ions 
per  c.c. 

Time 

Temp. 

Bar. 

Ions 
per  c.c. 

p.m. 
11.45 

11.5 

74.63 

13.5 

a.m. 
11.30 

i 
■  ■  •■     1     

13.3 

12.00 



13,6 

11  45 

13.3 

12.15 

13.5 

12.00 

13.1 

12.30 

1 
1 

13  5 

12  15 

13.1 

12  45 

1 

13.5 

12.30 

13.3 

80 


Time 

Dec.  13th 
and  14th  i 
1908      ' 

a.m. 
1.00 

1.15 

1.30 

1.45 

2.00 

2.15 

2.30 

2.45 

3.00 

3.15 

3.30 

3  45 

4.00 

4.15 

4.30 

4.45 

5.00 

5.15 

5.30 

5.45 

6.(K» 

6  l.l 

6.30 

6.4.5 

7.00    . 

7.15 
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TABLE  X— Continued 


Temp. 


Uiir. 


Inns 
per  c.c. 


Time. 


Temp. 


Bar. 


r4  74 


110 


74.85 


u.ni. 


13.6 

1     12.45 

13.5 

;l.(X)p.m 

13.5 

i       1.15 

13.3 

:    1.30 

13.6 

'       1.45          .... 

13.3 

2.00         20.0 

13.3 

;      2.15 

13.5 

2.30 

13.3 

1      2.45 

13.3 

'      3.00 

13,5 

3.15 

13  1 

3.30 

13.3 

3.45 

13  5 

too   !       . 

13.3 

4  15 

13.5 

4.30 

13.5 

4.45     ;       ... 

13  4 

5.00 

l.J.O 

5.15 

1 

13.  o 

5..%, 

\.i.:i 

.5.45 

13  1 

6.00 

l.i.ri 

li.15 

13.5 

6.W 

13.3     i 

6.45 

13.6     1 

7.(X) 

74.95 


74.86 


Ions 
per  C.C. 


13.3 

13.0 

13.3 

13.1 

13.0 

13.3 

13.5 

13.5 

13.4 

13.6 

13.3 

13.3 

13.0 

13.3 

13.4 

13.6 

13.5 

13.4 

13.3 

13.5 

13.5 

13.6 

13.5 

13.3 

13.3 

13.6 


[CLIMB]  RADIATION  AT  THE  SURFACE  OF  THE  EARTH 

TABLE  X— Continued. 


•1 


Time 

Dec.  13tb 

and  14th 

1908 


Temp. 


a.m. 
7.30 

7.46 

8.00 

8.15 

8.30 

S.45 

9.00 

9.15 

9.30 

9.45 

10.00 

10.15 

10.30 

10.45 

11.00 

11.15 


16  0 


74.96 


19.0 


21.0 


13.5 

i      ?.15 

13.1 

j      ~.M 

13.3 

1      7.45 

13.3 

1      8.00 

13.5 

j      8.15 

1 

13.6 

8.3f) 

13.6 

8.46 

13.3 

9.00 

13.3 

9.16 

13.5 

9.30 

13.3 

9.45 

Temp. 


13.6    1     10.00 


13.3 
13.5 
13.4 
13.5 


10.15 
10.30 
10  45 
11.00 
11.15 
11.30 


16.5 


Bar. 


74  95 


Ions 
perc.0. 


13. S 

13.3 

13.1 

13.4 

13.6 

13.3 

13.5 

13.5 

13.6 

13.5 

13.3 

13.5 

13.3 

13.4 

13.4 

13.3 

13.4 

13.3 


IV.— EXPERIMENTS. 
Series  11. 

In  order  to  submit  the  question  of  a  diurnal  change  in  the  inten- 
sity of  the  penetrating  radiation  to  a  further  test  a  second  set  of 
readings  was  taken  over  a  period  of  twenty-four  hours.  In  these  a 
cylinder  of  galvanized  iron  was  used  of  capacity  29950  ccs.  The 
electrode  m  this  case  was  divided  into  sections,  the  one  portion  ex- 
tending from  the  gold-leaf  to  the  top  of  the  electroscope  and  the  other 
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bemg  supported  by  insulating  materials  in  position  in  the  cylinder 
The  nulated  electrode  in  the  receiver  was  protected  by  an  earthed 
guard  tube  wh,ch  was  also  sealed  in  position  and  finally  ^all  theTointe 
oUhe  cyhnder  were  made  air-tight  by  means  of  either  solder  or  marin^ 

8mali?orinfrn?f"^".T  ^'"''^  '°  ^"^'''"'^  ^^°^«  '^«  electroscope  a 

TABLE  XI 


Time 

Dec.  18th  I  rr 
and  19th,l   ^^™P- 
1908 


a.m. 
11,00 

11.10 

11.20 

11.30 

11.40 

11.50 

12.00 

12.10 

12.20 

12.30 

12.40 

12.50 

1  00  p.m. 

1.10 

1  20 

1.30 

1.40 

1.50 

2  00 

2  10 

2.20 


18%' 


Bar. 


24°C 


74.4 


Ions  per 
Kec. 


Time     I  Temp. 


Bar. 


30  9 

30.2 

30.2 

29  6 

28.9 

29.6 

"8.9 

28.9 

28.9 

30.9 

30.2 

29.5 

3C  3 

30.3 

28.9 

28.9 


29  6 
29  6 
29.2 


a.m. 
10.15 

10. i) 

10.40 

10.50 

11.00 

11.10 

11.20 

11.30 

11  40 

11  50 

12  00 
12.10 
12.20 
12. 30 
12.40 
12.50 


28.9    jl.OOp.ra 
-'S.9    i       1.15 


1.30 
1  45 
2.00 


14.5*^ 


Ions  per 
sec. 


29  6 

29  3 

30.3 

28.9 

29." 

28.3 

28.3 

28.3 

28.3 

28.3 

27.6 

28.5 

28.3 

28.3 

28.3 

27.1 

28.9 

27.1 

28.9 

27.6 

27.6 
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TABIj;  XI— Continued 


S8 


Time 

Dec.  18th 

and  10th. 

1908 


m. 
30 


I 

2.40 

2.50 

3  00 

3  10 

3.20 

3.30 

3.45 

4  00 

4.10 

4.20 

4  30 

4.40 

4  50 

5.00 

5.10 

5.20 

5.30     I 

5.40     j 

I 

5.50     j 

6.00     i 

I 

6.10     j 

6.20     j 

6.30     ' 

j 

6.45 
7.00 


Temp. 


Bar. 


20''C 


74.7 


74.95 


28.9 

p.m. 
2.15 

28  9 

2.30 

28.9 

2.45 

29.6 

3.0(» 

28.3 

3.15 

28.9 

3.25 

28.9 

3.40 

29.6 

3.50 

28.9 

4.00 

28.9 

4.15 

29.6 

4.25 

29  6 

4.40 

28.9 

"*  50 

28.9 

5.00 

28.9 

3.15 

30.3           5.30 

30.3     ;       5.45 

28.9           6.00 

29.6    j      6.15 

28.3           6.30 

29.2 

4.45 

28.9 

7.00 

29.6 

7.15 

29.6 

7.30 

28.9 

7.45 

29.6 

8.00 

Temp. 


Bar. 


lona  per 
sec. 


28.3 

28.3 

27.6 

27.1 

28.9 

27.1 

27.1 

27.6 

28.3 

28.9 

28.3 

27.1 

27.3 

28.9 

27.1 

27.6 

28.9 

27.1 

27.6 

27.1 

27.6 

28.9 

27.1 

27.1 

28.3 

28.3 
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TABLE  XI— Continued 


Time 


Dec.  18th 

und  19th, 

1908 

Temp. 

Ions  per 
Bur.            sec. 

Time         '1 

"emp. 

Bar.      ,    long  per 
sec. 

p.m. 

f.io 

7.5  2           29.6 

p.m. 
8.10 

27.6 

7.20 

:K).3 

8.20 

27.6 

5.30 

28.9 

8.35 

28.9 

7.40 

28.9 

8.45 

27.6 

7.50 

28.9 

9.00 

28.3 

8.00 

28  3 

9.15 

27.1 

8.10 

28.7 

9.30 

27.6 

8.20 

28.9 

9.40 

27.6 

8.35 

1 

28.3 

9.50 

27.4 

8.50 

28.9 

10.00 

28.3 

9.00 

28.9 

10.10 

27.1 

9.10 

28  9 

10.20 

27.6 

9.20 

28.9 

10.30 

27.4 

9.30 

15°r 

28.9 

10  45 

. .  • 

28.9 

9.40 

28.8 

11.00 

28.6 

9.50 



28  3 



• 

10.00     1 

28.9 

A  small  glass  u-tube  mercury  manometer /vas  also  sealed  into  the 
side  of  the  receiver  to  give  indication  of  any  air  leak  in  the  vessel. 

In  preparing  for  the  observations,  care  was  taken  to  thoroughly 
clean  the  inside  of  the  receiver  and  freshly  filtered  air  was  introduced 
into  it  to  a  pressure  slightly  greater  than  atmospheric  pressure.  This 
slight  excess  of  ;he  inside  pressure  over  that  of  the  atmosphere  out- 
side produced  a  difference  of  level  in  the  two  arms  of  the  mano- 
meter. From  the  nanner  in  which  this  difference  of  level  followed 
the  changes  in  the  barometer  it  was  soon  seen  th.-xt  the  receiver  was 
air-tight,  and  therefore  in  the  condition  desired  for  the  observations. 
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When  this  point  was  made  certain  the  readings  were  commenced. 
These  were  taken  on  Dec.  18  and  19,  1908.  They  are  given  in  Table 
XI  and  a  curve  drawn  from  them  is  shown  in  Fig.  IX. 

This  curve  also,  it  will  be  seen,  shews  no  regular  periodic  variation. 
Further,  the  greatest  deviation  from  the  mean  value  was  not  more  than 
4%.  The  capacity  of  the  measuring  system  was  greater  in  this  set  of 
measurements  than  in  the  previous  one  but  the  same  voltage  was 
applied  to  the  sliding  condenser  as  in  the  previous  measurements. 
The  result  of  this  change  was  to  reduce  the  sensibility  of  the  apparatus 
slightly,  and  this  would  account  for  the  4%  variations  in  the  readings 
apart  altogether  from  any  variation  in  the  conductivity. 

A  point  of  special  interest  in  connection  with  the  readings  is  the 
gradual  drop  which  they  indicate  in  the  conductivity  of  the  enclcsed 
air.  This  drop,  which  has  been  observed  by  others  in  similar  measure- 
ments, was  no  doubt  due  to  the  gradual  removal  by  the  field  of  the 
Huspension  particles  designated  by  Langevin'  as  "  large  ions  "  and  first 
investigated  by  him.  When  the  air  was  introduced  into  the  receiver  it 
was  passed  through  a  tube  fil  )d  with  cotton  wool.  This  filter  it  was 
thought  would  remove  all  the  dust  and  fine  particles  in  suspension,  but 
it  was  found  after  the  completion  of  the  measurements  that  when  air 
filtered  in  the  same  way  was  led  into  an  expansion  cloud  chamber  of 
the  C.  T.  R.  Wilson  type  it  still  contained  suspension  particles  in 
abundance  which  acted  as  cloud  nuclei.  During  these  measurements 
the  barometer  only  changed  from  744  to  752  mm. 

On  account  of  the  higher  radioactivity  in  the  walls  of  this  receiver 
the  conductivity  of  the  air  in  this  case  was  about  double  its  value  in  the 
early  measurements.  This  enabled  the  writer  to  take  a  greater  num- 
ber of  observations  in  a  given  time,  but  on  account  of  the  failure  to 
increase  the  voltage  of  the  condenser  tube  it  did  not  contribute  any- 
thing to  the  sensitiveness  with  which  the  readings  were  taken. 

v.— EXPERIMENTS. 

Series  III. 

The  experiments  which  have  been  described  up  to  the  present  were 
all  conducted  indoors,  and  as  the  walls  of  the  Physics  Building  very 
probably  reduced  in  some  degree  the  intensity  of  the  penetrating 
radiation,  it  was  thought  best  tr  complete  the  series  of  observations  by 
placing  the  receiver  of  the  apparatvis  outside  and  so  exposed  directly 
to  the  atmosphere. 


'Comptes  Reudus,  140,  pp.  232,  1905. 
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To  accomplish  this  the  electroscope  was  taken  to  the  attic  of  the 
building  and  set  up  beneath  a  small  opening  in  the  roof.  The  receiver 
was  placed  over  this  opening  on  insulating  supports  on  the  roof  and  the 
electrode  which  it  carried  was  joined  to  that  of  the  leaf  system  by  the 
insertion  of  a  light  metal  rod  1  2-3  metres  in  length.  A  guard  tube 
was  also  added  to  protect  this  added  length  to  the  electrode. 

In  setting  up  the  apparatus  this  time  a  lining  of  thick  sheet 
zinc  was  inserted  in  the  receiver  which  had  been  carefully  abraded 
with  fine  glass  paper  and  then  thoroughly  washed  in  turn  with  dilute 
hydrochloric  acid,  ammonia,  methyl  alcohol,  and  distilled  water. 
P>esh  filtered  air  was  drawn  into  the  receiver  and  it  was  then  her- 
metically sealed.  Readings  were  taken  immediately  afterwards.  In 
this  case  also  it  was  noticed  that  the  conductivity  of  the  air 
gradually  decreased  and  ultimately  assumed  a  steady  value.  In  the 
initial  measurements  the  conductivity  corresponded  to  as  high  as  19 
ions  per  cc.  per  second,  but  in  the  steady  state  it  approximated  to 
the  generation  of  only  11.0  ions  per  cc.  per  second. 

This  low  value  illustrates  the  great  differences  which  exist  in  the 
radioactivity  of  different  metals.  With  the  galvanised  iron  cylinder 
alone  it  will  be  remembered  that  the  conductivity  corresponded  to  the 
production  of  about  35  ions  per  cc.  per  second.  The  insertion  of  the 
zinc  lining  it  will  be  seen  therefore  cut  off  by  far  the  greater  portion  of 
the  radiation  fro-,  the  galvanised  iron.  The  reduction  in  the  con- 
ductivity of  ihe  enclosed  air  necessarily  made  that  portion  contributed 
by  the  penetrating  radiation  of  greater  relative  importance  and  it  was 
thought  that  a  more  severe  test  would  thus  be  available  for  the  detec- 
tion of  diurnal  variation.  It  was  found,  however,  that  the  insertion  of 
the  long  electrode  greatly  reduced  the  sensibility  of  the  electroscope. 
By  the  addition  of  thi.s  the  capacity  of  the  instrument  was  nearly 
trebled,  and  consequently  although  the  displacement  of  the  gold  leaf  for 
a  given  movement  of  the  condenser  tube  could  be  increased  by  adding 
to  the  voltage  of  the  latter  still  this  device  had  the  defect  of  adding  to 
the  t  ime  of  taking  a  reading,  and  as  it  was  desirable  to  have  the  read- 
ings taken  as  frequently  as  possible  it  was  found  necessary  therefore  to 
apply  only  a  moderate  voltage  to  the  condenser.  For  this  purpose  a 
potential  of  21  volts  was  maintained  on  the  condenser  tube,  and  this 
permitted  readings  to  be  taken,  though  with  diminished  accuracy, 
every  15  or  20  minutes. 
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Fio.    10. 
TABLE  XII 


Time 
March  15th,  1009 


Inns  per  c.c. 
per  sc. 


2.30  pm. 

2.45  " 

3.00  " 

3.15  " 

3.30  ' 

3.45  " 

4.00  « 

4.15  " 

4.35  " 

4.55  " 

6.15  " 


10.8 
10  H 
10.8 
10.8 
10.8 
11.1 
11.1 
11.0 
11.1 
11.0 

11.1 


Barometer,  75 .  73.  Bright  day  ;  snow  melting. 
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TABLE  XIII 

-i  -    -TTT— ?- 

Time 

Ions  per  c.c. 

March  "ind,  1909 

per  »ec. 

2.16  p.m. 

11.1 

2  35    " 

10.8 

2.55   " 

10.9 

3.15    " 

11.1 

3.35    " 

11.1 

3.55    " 

10.8 

4.15    " 

10.8 

4.40    « 

10.9 

5.00    " 

10.8 

5.15    '• 

11.0 

5.35    " 

10.8 

5.50    •' 

11.1 

Temp,  12"  to  7°  C.        Barometer  76.04  cms. 
Bright  day;  snow  going  away  rapidly. 
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TABLE  XIV 

Time 

loiw  per  c.e. 

March  26tb 

,1000 

per  aee. 

2.00 

•j.m. 

11.4 

2.20 

« 

10.9 

2.3.5 

M 

11.0 

2.55 

m 

10.8 

3.10 

a 

10.8 

3.3.'> 

« 

0 

11.1 

3.6.5 

« 

11.7 

4.15 

« 

11.4 

4.3.5 

u 

11.4 

4.50 

u 

11.4 

5.10 

a 

10.8 

5.30 

It 

10.8 

5.50 

M 

11.1 

Ground  frocen  the  previous  ni^ht.     Bright  day. 
Temp.  S'C.     Barometer  74 .  22  cms. 
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Time 


HOYAI,  Ht)CIKTY  <»F  C.\NAI)\ 
TABLE  XV 


March  jMh 

Ullil   Jtttll, 

r  r. 
11)  .s 

l<iiriiincti>r 
JU  I'.J.)  inch.-* 

Timo 

Ion*  |)(*r 

CP. 

B«r<mirter 

11    '.'(I  p. III. 

II  30 

n.iii. 

10. H 

...  inehM 

11     1(1      •• 

III  S 

11    1.-. 

M 

13  2 

l.MN)  am. 

II   2 

L".)  •.'■.'7 

" 

12  IN) 

- 

10.4 

29  2.M 

IJ.L'd     " 

114 

.... 

^  12  15 

p.m. 

11    1 

ij.a.-    " 

111  X 

12  45 

u 

10.35 

l.',.-.(l     •• 

11) .-, 

20  •JJ7 

" 

1.05 

u 

9.7 

29,2.56      " 

1    10      " 

10.1 

1  35 

u 

0.9 

l.L'.i      " 

111  K 

15.-) 

■• 

10.1 

1    10     '• 

11)  5 

2  20 

- 

10.5 

29.210      * 

2.m    •' 

10  S 

2!)  •Jl'O 

14 

2  40 

n 

11.4 

L'.i.-)    " 

11    1 



3  (K) 

" 

11.3 

29.241      " 

L'  .•{.->    " 

10  7 

3  40 

u 

12.2 

'\50     " 

10  5 

■JO  212 

" 

t.(K) 

" 

10.0 

29.239      '• 

3  10     " 

10.1 

4  20 

t( 

11.9 

3  -'o     " 

10.5 

4.40 

u 

11  8 

3. -40     " 

10.5 

5  05 

" 

"'.5 

2?  343      " 

4.00     " 

10.8 

29.204 

U 

5  25 

u 

10.8 

4.15     " 

10  1 

5.45 

tt 

10.9 

29.249      « 

4.35     " 

10.8 

6  10 

u 

11.2 

4.50     " 

10.5 

29.213 

" 

0.30 

u 

11.3 

5.10     " 

10.8 

6.45 

u 

11.9 

5.25     « 

11.1 

7.00 

u 

10.4 

29.264      " 

5.55     " 

10.5 

7.15 

u 

10.8 

.... 

6.10     " 

10.8 

29.216 

u 

7.30 

« 

10.1 

6.30     " 

10.8 

.... 

7.45 

a 

10.1 

6.45     " 

10.5 

8.00 

u 

10.1 

29.270      " 

7.00     " 

10.5 

29.233 

u 

8.20 

u 

11.5 

7.15     " 

10.4 

—--^ 

8.35 

u 

10  8 

•  •  •  * 
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TABLE  XV-Oontinu«J. 


•I 


Time 

1 

i 

! 

f 

A|>ri|  4th 
ttiKl  Ath 

mm 

Ion»  per 
c.c. 

Barometer 

Time 

luiiK  per 
c.c. 

liarometer 

1 

7.3A  ,ini. 

9.8 

iiichen 

1 

'    8.50 

p.m. 

11.9 

29.276  itichea 

7.55     - 

10.5 

g  05 

m 

10.8 

8.13     " 

0.0 

29.243 

M 

0  20 

m 

11.1 

8.33     " 

O.fl 

9.40 

« 

10.5 



8.55     " 

10.4 

1 

29  245 

M 

9  .V, 

M 

10  1 

29.173      " 

B.15     " 

10.3        ' 

1 

10.15 

U 

10.5 

9.35     " 

10.45       j 

io.;jo 

M           1 

9.9 

9.55     " 

0.6 

29.257 

« 

10  50 

U 

9.9 

29.206      « 

10.15     " 

10.35 

.... 

11.05 

H 

10.1 

10.35     " 

:  '"■'  i 

.... 

11.20 

U 

[ 

10.1 

11.00     - 

1        ' 

1         11  4         i' 

29  255 

M 

\ 

TABLE 

XVI 

Time 

April  4th 

and  5th, 

1UU9 

Ions  per 
c.c. 

Barometer 

Time 

Ions  per 
c.c. 

Barometer 

11.30  p.m. 

11  - 

!9  041  inches 

11.20 

i.m. 

10.3 

inches 

11.50     " 

11.1 



12.00  1 

J.m. 

10.6 

29 

471 

12.10  a.m. 

11  5         -2 

9.622 

U 

12.20 

M 

11.5 

j 

>•*.■• 

12.25     " 

10.8 

.... 

12.40 

U 

11.4 

'2.40     " 

10.8 

1.00 

u 

11.3 

29 

453      « 

1.00     " 

10.5         2 

9.607 

tt 

1.15 

» 

11.15 

1 

1.15     « 

10.8 

1.50 

M 

10.8 

i 
1 

... 

1.30     " 

11.5 

2.10 

U 

11.5 

1 

... 

1.50     « 

10.8         2 

9.589 

u 

2.25 

u 

11.15 

1 

2.05     " 

11.1 

.... 

2.55 

u 

11.0 

2.25     « 

11.5    1 

.... 

1 
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With  the  apparatus  set  up  in  the  manner  just  described  sets  of 
readings  were  taken  during  the  afternoons  of  March  15,  22  and  2C,  1909. 
The  results  of  these  measurements  are  recorded  in  Tal)les  XII,  XIII 
and  XIV,  and  curves  illustrating  them  are  shewn  in  Figs.  X,  XI  and 
XII. 

The  readings  for  the  three  afternoons,  it  will  be  seen,  approximated 
to  11  ions  per  cc.  per  second. 

By  comparing  the  three  curves  it  will  be  seen  that  although 
the  readings  were  not  uniformly  regular  still  no  periodic  daily 
variation  was  brought  into  evidence.  On  March  28  and  29  and 
again  on  /<  pril  4  and  5,  1909,  readings  were  again  taken  with  this 
apparatus  continuously  over  periods  of  twenty-four  hours.  The 
readings  laken  during  these  observation  periods  are  given  in  Tables 
XV  and  XVI  and  the  corresponding  curves  are  shewn  in  Figs.  XIII 
and  XIV.  These  readings  it  will  be  seen  are  far  from  being  so  uniform 
as  those  of  the  earlier  observations.  The  variations  from  the  mean  it 
will  be  seen  are  very  considerable,  and  are  attributable  in  the  judg- 
ment of  the  writer,  to  the  lack  of  sensitiveness  in  the  instrument  and 
the  consequent  difficulty  in  taking  the  readings,  rather  than  to  any 
variations  in  external  influences. 

In  Fig.  XIII  the  barometric  curve  is  drawn  for  the  corresponding 
twenty-four  hour  period.  From  an  inspection  of  the  two  curves  there 
does  not  appear  to  be  any  connection  between  the  changes  in  conduc- 
tivity and  the  changes  in  atmospheric  pressure  as  indicated  by  the 
barometric  readings. 

In  order  to  see  whether  a  combination  of  the  curves  shewn  in 
Figs.  XIII  and  XIV  would  give  any  indication  of  a  pronounced  maxi- 
mum and  minimum  conductivity  the  two  curves  were  compounded  by 
taking  the  mean  of  the  readings  for  the  same  time  of  the  day.  The 
individual  curves  are  shewn  overlapping  in  the  upper  portion  of  Fig. 
XV,  and  the  compound  curve  is  shewn  at  the  bottom  of  the  same 
figure.  From  the  figure,  however,  it  is  impossible  to  draw  the  con- 
clusion that  any  maximum  or  minimum  conductivity  was  associated 
with  anj'  particular  hours  of  the  day. 

While  the  lack  of  sensibiHty  in  the  measuring  instruments  pre- 
vented these  later  observations  from  leading  to  as  satisfactory  con- 
clusions as  might  be  desirable,  still  they  agree  with  the  earlier  ones  in 
failing  to  point  to  any  variation  (jf  a  regular  diurnal  character,  and  in 
this  they  seem  to  show  that  the  conditions  at  Toronto  are  some- 
what different  from  those  which  prevail  in  a  number  of  other  localities 
where  similar  (observations  have  been  made. 

The  writer  had  hoped  to  continue  the  investigation  out  in  the  open 
country  with  the  electroscope  arranged    as  adjusted  for  maximum 
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sensibility,  and  possibly,  too,  with  auxiliary  apparatus  attached  for 
taking  the  readings  automatically  in  place  of  taking  t.iem  visually, 
but  time  has  not  permitted  and  the  further  investigation  of  this  point 
has  been  of  ncessity  deferred. 

VI.     SUMMARY. 

In  stimmarising  the  results  of  the  investigation  the  following  are 
the  chief  points  which  have  been  noted  : 
'(  With  an  open  receiver. 

1.  Xo  daily  regular  maxima  or  minima  conductivities  were 
ob.«er\ed. 

2.  Changes  in  conductivity  occu'-red  from  day  to  day  which 
scemetl  to  be  directly  connected  with   concurrent  barometric  changes. 

3.  The  conductivity  was  foimd  to  be  slightly  less  when  the 
ground  was  frozen  and  covered  with  snow,  than  when  it  was  bare  and 
the  temperature  was  above  freezing  point. 

t-  With  a  closed  receiver. 

1.  Larger  variations  in  the  conductivity  were  observed  but  no 
regular  diurnal  maxima  or  minima  values  were  noted.  The  larger 
variations  in  the  conductivity  were  attributed  to  a  lack  in  the  sensi- 
tiveness of  the  measuring  electroscope. 

2.  Different  metals  which  were  used  in  the  construction  of  the 
receiver  were  found  to  possess  different  activities,  zinc  being  very  low. 

3.  Atmospheric  air,  even  when  well  filtered  through  cotton  wool, 
was  found  to  contain  many  suspension  particles. 

As  a  general  result  of  the  investigation  it  would  appear  that  the 
soil  contributes  by  far  the  greater  proportion  of  the  penetrating 
radiation  present  at  the  earth's  surfc-e  at  Toronto,  and  by  comparison 
any  that  may  havp  its  source  in  the  atmosphere  or  in  the  sun  may  be 
considered  to  be  negligible  in  amount. 

In  closing  I  wish  to  express  my  gratitude  to  Professor  McLennan 
for  his  kindness  throughout  the  research,  for  suggestions  and  for 
assistance  in  overcoming  mechanical  difficulties. 

My  best  thanks  are  also  due  Mr.  E.  F.  Burton  for  his  kindness  in 
taking  a  number  of  readings. 
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